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OPSONIC REACTIVATION OF ANTIMENINGO 
COCCUS SERUM 

Ludvig Hektoen and Ruth Tunnicliff 

From the John McCormick Institute for Infectious Diseases, Chicago 

As the result of a long series of careful tests of the opsonic power 
of antimeningococcus serum, Alice C. Evans 1 has this to say about 
reactivation of such serum: 

In a recent publication, Kolmer, Toyama, and Matzumami (1918) reported 
that the phagocytic activity of antimeningococcus serum diminished considerably 
after heating, or after the addition of O.Z'fo tricresol, followed by standing at 
room temperature for 4 days or longer. These investigators reported that the 
addition of fresh normal human or guinea-pig serum to various antimeningo- 
coccus serums as prepared and marketed for administration was found 
definitely and uniformly to increase their opsonic activity for various strains of 
meningococci. 

According to these investigators, therefore, the labile opsonins are important 
antibodies in fresh antimeningococcus serum, and they can be restored by the 
addition of complement. The studies here reported do not confirm those con- 
clusions. Guinea-pig complement has been added to commercial serums in many 
tests. In some of the tests it was added in a constant ratio of 1:300 in each 
of the serum dilutions, and in other tests following Kolmer's technic, 1 part 
of the complement was added to 9 parts of immune serum before the dilutions 
were made. The results did not show phagocytic action in higher titer of immune 
serum with complement added than in the controls without complement. Repeated 
tests have failed to prove that a reaction is obtained in higher titer of commercial 
serum when complement has been added. These results are in agreement with 
those of Clough (1919) who recently reported that if antipneumococcus serum 
had become inactive or feeble as a result of overheating, long preservation, or 
dilution, the phagocytic activity for pneumococci could not be restored or 
increased by the addition of complement. An attempt was made to demonstrate 
opsonins in immune serum by approaching the problem from another angle. 
Fresh antimeningococcus rabbit serums were heated at 56 C. for 30 minutes 
and the phagocytic antibodies in the heated and unheated serums were determined 
in a number of preliminary tests, which indicated that the phagocytic activity 
of the serums was not diminished.by heating. 

There is no evidence that the activity of the serum was to any noteworthy 
degree diminished by the destruction of complement. Contrary to the conclusions 
of the mentioned authors, the results obtained when complement was added 
to commercial serum, and when the phagocytic activity of heated and unheated 
fresh immune serums was compared, indicate that the labile opsonins of 
antimeningococcus serum play a minor part in promoting phagocytosis as 
compared with the stronger activity of the tropins. In the words of Zinsser, 
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1 Bull. No. 124, Hyg. Lab., Wash., p. 43. 
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"If thermolabile opsonins as distinct antibodies in immune serum are rendered 
active by the addition of complement, they are in such low dilution, as compared 
with the thermostable tropins, that their effect is not measurable. 

In the remainder of this paper the phagocytic bodies of antimeningococcus 
scrum will be referred to as tropins.'' 

We would point out here that Zinsser, who is quoted by Evans, by 
no means favors the view that there is a fundamental difference between 
labile opsonins and the so-called tropins. His idea is that: 

Even in the case of the immune opsonins or bacteriotropins we may think 
of the participation of two substances?a sensitizer-like one and one comparable 
to alexin or complement. We may, at least, infer that the full opsonic action 
of both normal and immune sera is dependent upon the cooperation of two 
such bodies. It is likely, therefore, that the mechanism of normal and of immune 
opsonic action may, after all, differ only in quantitative relations between the 
two. 

infection and resistance 

As Evans' results are contrary to what we had been led to believe 
to be the case from our work with other opsonins, normal as well as 
immune, bacterial as well as erythrocytic, further experiments have 
been made which indicate that by the method used the opsonic powers 
of antimeningococcus serum may be increased markedly (opsonic 
reactivation) by the addition of small quantities of fresh normal serum. 
Briefly, our method consists in mixing in small pipets equal quantities 
of dilutions of antimeningococcus serum, suspensions of washed 

leukocytes (human), meningococcus suspensions, and of dilutions of 
fresh normal serum, incubating the mixture at 35 C. for 25-50 minutes 
when smears are made and the percentage of polymorphonuclear 
leukocytes engaged in phagocytosis as well as the number of cocci in 
each leukocyte determined by the study of at least 100 unselected 
polymorphonuclear leukocytes. Further details about our tests follow. 

Meningococcus Suspension.?Twenty-four hour growths on goat blood agar 
are suspended in plain broth just before use and in such quantity as to make 
the suspension slightly turbid only, the cocci in smears being well distributed 
over the field. 

Leukocytes.?Human leukocytes are used, the blood being collected in 27o 
sodium citrate solution, centrifuged, washed in O^*^ salt solution and suspended 
finally in about one-half the volume of the washed corpuscles in salt solution. 
The suspension is used within 2 hours after its preparation. 

Opsonic Mixtures.?These consist of equal quantities of meningococcus 
suspension, leukocytic suspension, dilutions of antimeningococcus serum and 
dilutions of fresh normal human serum. In the controls proper amounts of 
broth or 0.97o salt solution take the place of one or both serum dilutions. The 
suspensions and serum dilutions are mixed in pipets and incubated at 37 C. for 
25-50 minutes when smears are made and stained with carbol-thionin. 

2 Infection and Resistance, 1918, p. 323. 
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The salt solution suspensions and serum dilutions are kept at room temper- 
ature during the preparation of the materials. 

No advantage has been noted by incubating the meningococci with serum 
before adding leukocytes. After 15 minutes' incubation the results appeared 
to be relatively the same as those after incubation for 50 minutes, the longer 
incubation giving somewhat higher figures, however. 

The number of cocci taken up and the number of cells active in phagocytosis 
are counted, the count being limited to polymorphonuclears. 

Tables 1 and 2 illustrate the results, table 2 showing that normal 
serum in a dilution of 1: 40 may promote in marked degree the opsonic 
action of antimeningococcus horse serum in a dilution of 1: 400. 

TABLE i 

Opsonic Activation of Antimeningococcus Horse Serum with Normal 
Human Serum * 

Opsonic Mixtures Meningococcus Strains 

Equal Parts of Dilutions of 1:20 1 R 1 S i T 
of Antimeningococcus Serum 
and Normal Human Serum, 1 % of j % of 1 % of 

Meningococcus and Leukocytic No. of Leuko- No. of leuko- No. of Leuko- 
Suspensions. All Mixtures Cocci cytes Cocci cytes Cocci cytes 

of the Same Quantity per Engaged per Engaged per Engaged 
Leuko- in Leuko- in Leuko- in 
cytes j Phago- cytes Phago- ! cytes Phago- 

i cytosis cytcsis. ! j cytosis 

Antimeningococcus serum 1 0.4 ! 8 0.4 4 i 0.6 I 12 
Antimeningococcus serum 1 with ' . : 1 j 

normal serum 1.4 , 32 , 1.0 40 1.4 ! 40 

Antimeningococcus serum 2 0.2 12 0.0 0 0.3 12 
Antimeningococcus serum 2 with ! 

' 
! : 

normal serum 2.1 44 3.0 J 52 1.9 32 

Antimeningococcus serum 3 2.4 24 ().fi4 ' 8 0.1 12 
Antimeningococcus serum 3 with ! 

normal serum 5.2 48 2.3 36 2.6 j 43 

Antimeningococcus serum 4 1.3 20 1.3 i 16 ? 01 j 4 
Antimeningococcus serum 4 with 

normal serum 3.6 j 52 2.0 j 44 0.75 36 

Normal serum only and salt solu- ; 
' 

. ! 1 
tion 0.2 | 8 0.16 8 I 0.2 12 

* In each case the dilution of antiserum and of normal serum is 1:80. 

Precisely analogous results are obtained in similar tests with normal 
human serum heated to 56 C. for 30 minutes, on addition of small 
quantities of unheated human serum (table 3). 

discussion and summary 

Our results are definite and impressive. They are in complete 
harmony with earlier observations3 showing that opsonic serum, 
"normal as well as immune owe their full action to a thermostabile 

3 Zinsser reviews the literature well. See also Hektoen, Jour. Infect. Dis., 1909, 6, p. 66. 
Weaver and Tunnicliff, ibid., 1911, 9, p. 130. Burgers and Meiner, Ztsch. Immunitatsf., 
1911, 11, p. 578. Tunnicliff, Jour. Am. Med. Assn., 1920, 75, p. 1339. 
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opsonic substance and a thermolabile complement-like body which 
greatly promotes the action of the first substance," and confirm the 
conclusion of Kolmer, Toyama and Matzunami4 that the opsonic 
power of antimeningococcus serum may be increased by fresh normal 
serum. Evidently the method used by Evans is not suited to bring out 

TABLE 2 

Activation of Antimeningococcus Serum with Normal Human Serum Under 
Varying Quantitative Relations 

Percentage of 
Mixtures Leukocytes Engaged 

in Phagocytosis 
Normal Serum 1:40 ? Antimeningococcus Serum 1:40 44 
Normal Serum 1:80 + Antimeningococcus Serum 1:40 40 
Normal Serum 1:160 + Antimeningococcus Serum 1:40 48 
Normal Serum 1:400 4- Antimeningococcus Serum 1:40 44 
Normal Serum 1:800 -f Antimeningococcus Serum 1:40 16 

Normal Serum 1:40 4- Antimeningococcus Serum 1:40 44 
Normal Serum 1:40 4- Antimeningococcus Serum 1:80 44 
Normal Serum 1:40 + Antimeningococcus Serum 1:160 40 
Normal Serum 1:40 + Antimeningococcus Serum 1:400 24 
Normal Serum 1:40 + Antimeningococcus Serum 1:800 8 

Normal Serum 1:40 + Broth 12 
Broth + Antimeningococcus Serum 1:40 12 

the activating influence of normal serum on antimeningococcus serum. 
Here it may be pointed out that Meyer,5 contrary to the claim of 

Clough,6 obtained cleancut activation of the thermostable opsonic 
element in antipneumococcus serum by normal serum in quantities 
that by themselves have very little opsonic effect. In short, the view 
that there is a fundamental distinction between the "labile opsonins" 

TABLE 3 

Activation of Meningococcus Opsonin in Heated Normal. Human Serum by Small 
Quantities of Unheated Human Serum * 

Percentage of 
Leukocytes Engaged 

in Phagocytosis 
Mixtures with unheated serum 1 to 4 47 
Mixtures with heated serum 1 to 4 13 
Mixtures with unheated serum 1 to 50 14 
Mixture with heated serum 1 to 4 and unheated serum 1 to 50 44 

* Other dilutions of unheated serum (1:25, 1:100) gave similar results. The same results 
were obtained when Locke's solution was used instead of 0.9 *5fc salt solution. 

of normal serum and the hypothetic tropins lacks the support necessary 
to justify its retention, and the use of the word tropin to designate a 

special opsonic substance, the existence of which has not been demon- 
strated, would better be dropped. 

* Jour. Immunol., 1918, 3, p. 156. 
5 Jour. Infect. Dis., 1920, 27, p. 82. 
fi Bull. Johns Hopkins Hosp., 1919, 30, p. 167. 
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